Abstract: Urinary pyridinoline (Pyr) and deoxypyridinoline (Dpyr) are collagen crosslinks found in bone and cartilage and are sensitive bone resorption markers . In this study, values of urinary Pyr and Dpyr during 24-h periods in 6 normal men, 10 normal women, and 10 osteoporotic patients were measured . In these three groups, urinary Pyr and Dpyr showed significant circadian variations only in normal men . Neither urinary Pyr nor Dpyr showed significant circadian variations in normal women or osteoporotic subjects, although they had the same trend as the diurnal changes of urinary crosslinks in normal men . Comparing the values of urinary crosslinks in the daytime (11 :00-20 :00 h) and at night (20 :00-11 :00 h), the latter were significantly higher than the former in both normal and osteoporotic subjects . Furthermore, the nighttime and daytime difference of urinary Pyr in osteoporotic subjects was significantly larger than those in normal subjects . Urinary Pyr and Dpyr were 22 .6% and 10 .7% higher, respectively, at night compared to during the day in normal women, while in osteoporotic patients, the values were 51 .2% and 25 .5% higher at night than during the day, respectively . In conclusion, the acceleration of bone resorption at night may be one of the etiologies of involutional osteoporosis .
Introduction
Urinary pyridinoline (Pyr), purified and identified by Fujimoto et al . [1] , and deoxypyridinoline (Dpyr), characterized by Ogawa et al . [2] , are nonreducible crosslinks of mature collagen . They are not affected by diet, are excreted in urine without being metabolized, and are distributed in most collagenous tissues other than skin, primarily in cartilage and bone [3] .
We previously reported the age-related changes of urinary Pyr and Dpyr and that they were useful bone resorption markers in several metabolic bone disorders [4, 5] . Urinary Pyr and Dpyr were reported to have circadian variations with a nocturnal peak [6, 7] . Other bone metabolic markers, such as urinary hydroxyproline (OH-P), serum osteocalcin (BGP), the carboxyterminal propeptide of type I procollagen (PICP), the carboxyterminal pyridinoline crosslinked telopeptide of type I collagen (ICTP), and urinary excretion of crosslinked N-telopeptides of type I collagen (NTX) were also reported to undergo circadian periodicities [8] [9] [10] [11] .
The purpose of this study was to assess the variability of urinary Pyr and Dpyr in normal subjects and osteoporotic patients and to investigate the differences in the circadian patterns between normal and osteoporotic patients .
Materials and methods

Subjects
We studied 6 normal men aged 25-28 years, 10 normal women aged 21-30 years, and 10 osteoporotic women aged 59-89 years from August to September, 1993 . The normal subjects were volunteers . All osteoporotic subjects had vertebral fractures and/or femoral neck fractures, but no fractures had occurred during the 6 months prior to this study . All fractures had occurred after minimal or no trauma . All osteoporotic subjects were categorized as having involutional osteoporosis . None of the subjects had any endocrine, skeletal, or renal diseases capable of altering the bone metabolism and none were taking any medications or oral contraceptives at the time of this study . We did not specify the duration or phase of the individual menstrul cycle in normal women . Each subject gave informed consent before entering the study .
Study protocol
The osteoporotic subjects were hospitalized, and the normal subjects were not .
Urine was collected during the 24h of the study in seven separate collections as follows : first void (FV)-11 :00, 11 :00-14 :00, 14 :00-17 :00, 17 :00-20 :00, 20:00-23 :00 and 23 :00-FV the next morning with no acclimatization period . There were no strict controls over sleeping hours, diet, or physical activities, and no drug affecting bone metabolism was administered . All subjects continued their usual ambulatory routine of diurnal activity and nocturnal rest .
Daytime collections were defined as those received at 11 :00-14 :00, 14:00-17 :00, and 17 :00-20 :00. Nighttime collections were defined as those received at 20 :00-23:00, 23 :00-FV the next morning, FV, and FV-11 :00.
Biochemistry
Urinary pyridinium crosslinks. Urinary Pyr and Dpyr levels were measured as described previously [12] . Briefly, each urine sample was hydrolyzed with an equal volume of concentrated hydrochloric acid at 110°C for 20 h . The hydrolysate (0 .25 ml) was mixed with 15 ml of distilled water and applied to an SP-Sephadex C25 column (0 .8 X 1.0 cm) (Pharmacia, Uppsala, Sweden) . After washing with 20 ml of 0 .15M hydrochloric acid, Pyr and Dpyr were eluted with 5 ml of 1 .0 M hydrochloric acid . After evaporation, the residue was dissolved in 200 µl of 1 % heptafluorobutyric acid (HFBA) solution . The solutions were stored at -30°C prior to high-performance liquid chromatography (HPLC) analysis .
The HPLC system consisted of a pump (CCPM, Tosoh, Tokyo, Japan), spectrofluorometer (FS-8010, Tosoh), and system controller (SC-8010, Tosoh) . A column (8 mm X 10 cm) prepacked with Radial-Pak C18, of 10-µm particle size, type 8C1810 µ (Water Associates, Milford, MA, USA) was used . A mobile phase of acetonitrile 30mM HFBA (27 :73, v/v) was employed at a flow rate of 1 .0ml/min . The volume of each sample injected was 160µ1 . Fluorescence at 390nm was measured upon excitation at 297 nm .
In this method, the recovery of standards (mean ± SD) was 75 .4 -!-2.3% for urinary Pyr and 73 .1 ± 2 .9% for urinary Dpyr, and the coefficient of variation in the hydrolysate of urine was 4 .0% for urinary Pyr and 4 .2% for urinary Dpyr [4] . The urinary Pyr and Dpyr values were corrected for creatinine excretion .
Urinary creatinine . Before hydrolysis, the urinary creatinine content was determined enzymatically with an H. Aoshima et al . : Pyr and Dpyr in osteoporosis aliquot of each urine sample using a Shimadzu CL-20 clinical chemistry analyzer (Shimadzu, Kyoto, Japan) .
Urinary calcium and phosphorus . Urinary calcium and phosphorus content was determined by atomic absorption spectroscopy using an Hitachi 7450E autoanalyzer (Hitachi, Tokyo, Japan) .
Statistical analysis
Data were analyzed using a StatView II program (Abacus Concepts, Berkeley, CA, USA) . Two-way analysis of variance (ANOVA) was used to test for circadian variations in the three groups .
To compare day and night variations, we calculated the mean values of urinary Pyr and Dpyr collected in the daytime and at night for each subject from the raw data . We then compared these values within groups using the paired t-test . P values of less than 0 .05 were considered significant .
The amplitude was calculated from the following formula: values of urinary crosslinks at night minus those in the daytime .
Results
Circadian rhythm of urinary Pyr and Dpyr
Baseline characteristics of each group are shown in Table 1 . As could be expected, values of urinary Pyr and Dpyr in osteoporotic patients were significantly higher than those in normal subjects (P < 0 .05) ( Table 1) .
Diurnal variations of urinary Pyr and Dpyr in each group are demonstrated in Figs . 1-3 . Mean values of FV urine were expressed as 100% . In normal men, urinary Pyr and Dpyr showed significant diurnal variability (Pyr, P = 0.0038 ; Dpyr, P = 0.0480) (Fig . 1A,B) , with several different patterns of variation . Urinary Pyr started to decrease from 11 :00 h and increased at 23 :00 h with the minimum values at 20 :00h, whereas urinary Dpyr started to increase at 14 :00h and remained at maximum levels from 20 :00h to FV the next morning .
The mean values of Pyr and Dpyr at night were 45 .4% and 28.6% higher, respectively, than those in the daytime (P < 0 .05) .
In normal women, neither urinary Pyr nor Dpyr showed significant diurnal variations (Pyr, P = 0 .2211 ; Dpyr, P = 0 .1286) (Fig . 2A,B) , although urinary Dpyr levels at 20 :00h were significantly higher than those at 17 :00h and remained at maximum levels thereafter.
In osteoporotic women, urinary Pyr decreased significantly from FV to 17 :00h . Both urinary Pyr and Dpyr started to increase from 20 :00h . Urinary Pyr continued to increase until FV the next morning (Fig . 3A) , while urinary Dpyr decreased slightly from 23 :00h to FV the (Fig . 3B) . However, neither Pyr nor Dpyr had significant diurnal variations (Pyr, P = 0 .1575 ; Dpyr, P = 0 .1917) .
Day and night differences
The difference between daytime (11 :00-20:00h) and nighttime (20 :00-11 :00h) values of urinary pyridinium crosslinks was examined (Fig . 4) . The mean values of urinary Pyr and Dpyr at night were 22 .6% and 10 .7% higher, respectively, than those in the daytime in normal women (both Pyr and Dpyr : P < 0 .05) . In osteoporotic subjects, the mean values of those at night were 51 .2% and 25 .5% higher than those in the daytime (both Pyr and Dpyr : P < 0 .05) .
Comparing the amplitude of urinary crosslinks among the three groups, the amplitude of urinary Pyr was significantly higher than that in normal men and women, and the amplitude in normal men did not differ significantly from that in normal women . In urinary Table 2 . Correlations between urinary Pyr and Dpyr in the 24-h collection and each urine sample Dpyr, there were no significant differences among the three groups (Fig . 4A,B ) (data on normal men for Dpyr not shown) .
Correlations between the 24-h collection sample and each urine sample
Results of linear regression analyses between each urine sample and the 24-h collection are shown in Table  2 . There were significant correlations between the urinary crosslinks in the 24-h collection and those in the each sample (FV :Pyr, r = 0 .768 ; Dpyr, r = 0 .989) . In normal men, urinary Ca excretion showed a significant diurnal variation (P < 0 .05) (Fig . 5A ), whereas in normal or osteoporotic women, the diurnal variation was not significant (Fig . 5B,C) . The mean urinary Ca excretion value of FV was expressed as 100% . Comparing the mean urinary Ca values in the daytime and at night, there was no significant difference in these values in normal women, whereas in osteoporotic women, the value at night was 45 .0% higher than that in the daytime . In the three groups, urinary phosphorus or creatinine did not show significant diurnal variations . There were no significant differences in values or circadian variation of urinary creatinine in the three groups (data not shown) .
Discussion
In 1992, Schlemmer et al. reported the circadian rhythms of urinary Pyr and Dpyr in healthy premenopausal women [6] . Several factors that affected the circadian pattern of urinary Pyr and Dpyr were investigated . According to Eastell et al ., age or menopausal status did not affect the circadian variations of urinary Pyr and Dpyr [13] . In another study, bed rest, age, menopause, or osteopenia did not influence the circadian rhythms of urinary pyridinium crosslinks, as reported by Schlemmer et al . [14] .
In this study we demonstrated that the amplitude of urinary Pyr in osteoporotic women was significantly higher than not only that in normal women but also that of normal men, and that the amplitude of urinary Pyr in normal men did not differ from that in normal women .
Because of these results, we consider that the amount of nocturnal bone resorption in osteoporotic women was accelerated compared to that in normal men or women, and that the amount of bone resorption in normal men was as almost the same as that in normal women . It is uncertain whether the accelerated nocturnal increase of urinary Pyr in these osteoporosis subjects was due to the osteoporosis per se . Since we previously reported that urinary Pyr crosslinks increased significantly after the age of 50 or after menopause [4] , one might suggest that the increase of urinary Pyr at night could be due to agerelated changes . However, Schlemmer et al. reported that osteopenia did not influence the circadian variation in the urinary excretion of pyridinium crosslinks [14] . Therefore, we believe that the acceleration of bone resorption at night in osteoporotic subjects may result from the high bone turnover due to osteoporosis rather than age-dependent changes .
In the osteoporotic patients, the peak values of urinary Pyr and Dpyr were observed at a later time (23 :00 h-FV the next morning) compared to those in the normal women (20 :00h) . Eastell et al . previously reported that the nocturnal peak in urinary Dpyr tended to extend further into the morning hours in osteoporotic women compared with nonosteoporotic postmenopausal women [15] . Our data were agreement with their result to some extent .
In this study, we could not find any significant circadian variations in normal women and in osteoporotic subjects, although significantly higher values at night than those in the daytime were observed . These data were in agreement with the data from Mclaren et al . [7] , who likewise did not find significant circadian variations in healthy women with a mean age of 24 (range 19-26), whereas in healthy men significant differences between the morning and evening periods were observed . Although neither we nor Mclaren et al . specified the phase of the menstrual cycle in each normal woman, we consider that, in healthy premenopausal women, the circadian pattern of urinary crosslinks might be changed during the menstrual cycle . Further studies concerning the influence of the normal menstrual cycle on the circadian pattern of urinary crosslinks are needed . We demonstrated strong correlations between the mean values of 24-h urine and each collected sample in both normal and osteoporotic subjects . Therefore, we suggest that both FV urine and spot urine samples may be useful for evaluating the extent of bone resorption in normal and osteoporotic subjects .
In conclusion, we demonstrated that the diurnal and nocturnal variations of urinary Pyr in osteoporotic patients were considerably larger than those in normal subjects . The nocturnal increase in bone resorption may be one of the etiologies of involutional osteoporosis .
